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Abstract 
This paper presented the findings of polyethersulfone / [EMIM][Tf2N] blending on morphology and CO2/CH4 separation performance of 
polyethersulfone membrane. Varying concentration of ionic liquid were incorporated in the dope solution and flat sheet dense membranes were 
casted by dry phase inversion method. The morphology of the membranes was observed by Field Emission Scanning Electron Microscope 
(FESEM). The gas permeation experiments were run at room temperature and 2 bar pressure. The membranes showed a dense structure with no 
pore formation indicating the compatibility of polymer and ionic liquid. CO2 Gas permeability of synthesized polymer/IL membrane was 
significantly increased by blending ionic liquid in polymer matrix due to high solubility of CO2 in [EMIM][Tf2N] ionic liquid. These 
membranes can be considered as a potential material for bulk removal of CO2 from flue gases and natural gas. 
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1. Introduction 
Raw Natural Gas (NG) is a mixture of methane, ethane, propane, butane, and undesirable impurities like carbon dioxide, 
water, nitrogen and hydrogen sulfide that must be removed to improve the quality of natural gas [1]. Among these impurities, 
carbon dioxide is an acid gas causing corrosion to the equipment and is a major contributor to global warming. Moreover, it 
reduces the heating value of natural gas and imposes unnecessary transportation cost. Gas fields in Malaysia contain CO2 in 
varying ranges from 28-87 % [2]. The allowable limit for CO2 in natural gas transmitted to customers by pipeline is typically less 
than 3 %. Therefore, natural gas must be treated to remove CO2 before delivery to the pipeline [3]. Different techniques are 
applied to remove CO2 from natural gas including absorption, adsorption, cryogenic process and membrane technology. 
Membrane technology is an emerging field for the purification of natural gas and offers a number of advantages over 
conventional processes like ease of operation, low operating and capital cost, low energy requirements, compact size, modular 
configuration and environmentally friendly separation [4]. Polymeric materials gained special attention of the researchers due to 
excellent film forming properties of polymeric materials, mechanical stability and low cost e.g. polysulfone (PSF), 
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poly(ethersulfone) (PES), poly-acrylonitrile (PAN), polyamide, polyimide. However, the separation performance of polymeric 
membranes is limited by tradeoff between permeability and selectivity i.e. increase in permeability is at the cost of selectivity and 
vice versa. Aging and plasticization are also associated problems of polymeric membranes [5]. Membranes with high 
permeability, high selectivity and high thermal, chemical and mechanical stability are desirable. This situation limits the full 
exploitation of membrane technology for natural gas purification and drives for the search of high performance alternative 
materials. 
In order to improve the separation performance of polymeric membranes, different modifications are applied to the polymeric 
materials such as combining polymer and inorganic phases in the form of mixed matrix membranes, cross linking with suitable 
material, coating with protective layers, grafting and polymer blending [6]. A suitable approach to enhance the separation 
performance of polymeric membranes is by using ionic liquid polymeric membranes. RTILs are known as molten organic salts at 
ambient temperature and pressure which have unique physicochemical properties such as negligible vapor pressure, non-
flammable and high ionic conductivity that allow them to potentially replace conventional organic solvents in many chemical 
processes and purifications [7]. The blending of RTIL in polymer matrix has been studies by many researchers.  
Chen et al. (2012) [8] investigated the CO2 separation performance of PVDF and a low viscosity RTIL, 1-ethyl-3-
methylimidazolium tetracyanoborate ([emim][B(CN)4]) by physical blending of both components. The blend membrane 
demonstrated high CO2 separation performance and the selectivity was high enough to cross the upper-bound limit of polymeric 
membranes. Similarly, Hao et al. (2013) [9] studied the effect of a series of ionic liquids in poly (RTIL) 1-vinyl-3-butyl 
imidazolium-bis (trifluoromethyl-sulfonyl) imidate ([vbim][NTf2]) polymer. The selected RTILs were 1-ethyl-3-methyl 
imidazolium tetrafluoroborate ([emim] [BF4]), 1-ethyl-3-methyl imidazolium bis (trifluoromethanesulfonyl) imide ([emim] 
[NTf2]) and 1-ethyl-3-methyl imidazolium tetracyanoborate ([emim] [B(CN)4]). The polymer and RTIL ratio was fixed at 2:1. 
RTIL was added as a free ionic liquid in poly (RTIL) membrane. All the RTILs provided excellent CO2 transport properties and 
200-300 % increment in permeability was observed. 
In this paper, a novel polymer/ionic liquid pair is selected for membrane synthesis.  Ionic Liquid-Polymeric Membranes 
(ILPM) were synthesized with different blend ratios. The synthesized membrane were characterized for morphology and tested 
for gas permeation analysis. The results are compared with neat PES membrane. 
2. Methodology 
2.1. Materials 
Polyethersulfone was selected as host polymer due to high mechanical strength, high thermal and chemical stability and 
excellent film forming ability. Flakes of polyether sulfone (PES) ULTRASON® E-6020 P were supplied by BASF, Germany. 1-
Methyl-2-pyrrolidone EMPLURA® (NMP) was used a solvent and it was obtained from Merck. 1-Ethyl-3-methyl imidazolium 
bis (trifluoromethylsulfonyl) imide, ([emim][Tf2N]) was selected as RTIL because of its high CO2 permeability and it was 
acquired from Sigma-Aldrich, Germany. Pure CO2 and CH4 gases were purchased from MOX-Linde Gases Sdn., for gas 
permeation analysis. 
2.2. Membrane synthesis 
For reference, dense PES was also synthesized by solution casting and solvent evaporation method. Ionic liquid polymeric 
membranes (PES+RTIL) membranes were synthesized by blending PES/([emim][Tf2N]) with different blend ratios as shown in 
Table 1.  
Table 1. Description of synthesized membranes 
Polymer Ionic Liquid (%) Membrane name 
PES 
0 Pure PES 
10 PES+IL (10 %) 
20 PES+IL (20 %) 
30 PES+IL (30 %) 
40 PES+IL (40 %) 
50 PES+IL (50 %) 
The mixture was stirred for 24 hours at gentle stirring until a clear viscous solution was obtained. The prepared solution was 
left for 30 minutes to release the air bubbles trapped during the mixing process. Afterwards, the casting solution was poured onto 
a clean glass plate. The thickness of casting knife was fixed at 160 μm and it was passed over the solution to make dense films. 
The synthesized membranes were left for 2 hours to make the membrane skin. Then, the membranes were placed in an oven to 
evaporate the solvent at 130oC for 24 hours. The dried membranes were secured for further characterization. 
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2.3. Membrane characterization 
The morphology of synthesized membranes was observed by Field Emission Scanning Electron Microscope (FESEM). For the 
surface imaging, random specimens were taken from membranes and observed through FESEM (ZEISS SUPRATM 55VP). For 
the cross section images, membrane samples were dipped in liquid nitrogen for at least 30 seconds and fractured. Finally the 
samples were mounted on circular stainless steel sample holder for analysis. 
2.4. Gas permeation studies 
The gas permeation through synthesized membranes was analyzed at a fixed pressure of 2 bar and at room temperature. The 
detailed aspects of gas permeation unit can be found in our previous work [10]. The permeability of a membrane for a specific 
gas is given by: 
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where, N is flux of CO2 gas across the membrane, l is membrane thickness and ∆p is pressure difference across the membrane. 
Similarly, permeability of CH4 gas can be obtained from the above equation. The ideal selectivity of membrane is given by 
the equation: 
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3. Results and discussion 
3.1. Membrane morphology 
Figure 1 shows the cross section of synthesized membranes at 1KX magnification. Base PES is also shown for reference (Fig. 
1.a). Pure PES membrane is dense and pore free. The membrane with IL blending is also dense and pore free. This observation 
indicates good compatibility of IL in PES matrix. The membrane structure is stable and defect free even at 50 % loading of IL. 
There is no phase separation between polymer phase and ionic liquid phase.  
 
 
 
 
 
 
 
 
 
Fig.1. Cross section image of (a) PES and (b) PES+IL (10 %) membrane 
3.2. Gas permeation studies 
The gas permeation data of the synthesized membranes is shown in Figure 2-4. The permeability of CO2 and CH4 gases was 
recorded at 2 bar pressure and 25oC temperature. The permeability of PES membrane for CO2 gas is 3.04 barrer which is in 
accordance with reported permeability of dense PES films. The CO2 permeability of PES+IL (10 %) membrane is 59 barrer 
which accounts for 18 fold increment in permeability as compared to base PES membrane. 
A gradual increase in CO2 permeability was observed as the ionic liquid content is increased. Finally, the permeability of 
PES+IL (50 %) is recorded as 381.05 barrer. This increment in permeability is due to enhanced solubility of CO2 gas in ionic 
liquid due to affinity of CO2 gas towards ionic liquids [8]. Thus, sufficient enhancement in permeability of CO2 gas can be 
achieved by the addition of ionic liquid in membrane synthesis process. 
(a) (b) 
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Fig. 2. CO2 Permeability of PES+IL membranes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. CH4 Permeability of PES+IL membranes 
Similarly, the CH4 gas permeation data of synthesized membranes is shown in Figure 3. The permeability of PES membrane 
is 0.10 barrer. With the addition of ionic liquid, CH4 permeability of polymer/ionic liquid blend membranes is increased 
significantly. For example, the permeability of PES+IL (10 %) is 1.83 barrer. When compared with base PES membrane, there is 
~17 fold increase in permeability. This increase in permeability is due to the increased fractional free volume (FFV) in polymer 
matrix due to addition of ionic liquid [8].  
The membranes were able to maintain their selectivity as depicted in Figure 4. Ideal selectivity of pure PES membrane is 30. 
The highest selectivity is obtained with PES+IL (50 %) membrane, which is, 39.70. The improvement in selectivity is 30 % as 
compared to PES membrane. 
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Fig. 4. Ideal Selectivity of PES+IL membranes 
4. Conclusion 
The present study aims to synthesize ionic liquid polymeric membrane (ILPM) for CO2 separation from natural gas. The 
miscibility between selected polymer and RTIL has been confirmed by FESEM analysis. The permeability and selectivity of 
membranes was recorded at fixed temperature and pressure. The membranes were able to maintain the selectivity and thirty 
percent (30 %) improvement in ideal selectivity of the membranes was observed as compared to pure PES membrane at tested 
conditions. The improvement in CO2 permeability is almost 38 folds due to the presence of ionic liquid in the membrane. These 
membranes can be considered as a potential material for bulk removal of CO2 from flue gases and natural gas. 
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